Abstract Health literacy significantly impacts health-related outcomes among people living with HIV. Our aim was to systematically review current literature on health literacy interventions for people living with HIV. The authors conducted a thorough literature search following the PRISMA statement and the AMSTAR checklist as a guide, and found six studies that met inclusion/exclusion criteria. The majority of these interventions were designed to improve HIV treatment adherence as well as HIV knowledge and treatment-related skills, with one study focusing on e-Health literacy. Several of the studies demonstrated trends toward improvement in medication adherence, but most did not achieve statistical significance primarily due to methodological limitations. Significant improvements in knowledge, behavioral skills, and e-Health literacy were found following interventions (p = 0.001-0.05). Health literacy interventions have the potential to promote HIV-related knowledge, behavioral skills, and self-management practices. More research is needed to assess the efficacy of interventions to promote a variety of self-management practices.
Introduction
Antiretroviral therapy (ART) has made it possible for people living with HIV (PLWH) to achieve viral suppression and live longer than ever before. However, many PLWH are not achieving optimal treatment outcomes, and limited health literacy may be a contributing factor to this problem [1, 2] . Interventions to promote health literacy in PLWH have been developed, but there is currently no published synthesis of these studies. The purpose of this article is to systematically review interventions aimed at promoting health literacy in PLWH.
Despite the promise of ART, less than half of the PLWH in the United States are achieving HIV viral suppression [3] . The disparity between the number of people diagnosed with HIV and the number of people achieving viral suppression has been attributed to multiple factors, including healthcare access disparities, treatment costs, patient-provider dynamics, issues with mental health and substance abuse, and poor HIV treatment adherence [4, 5] . Although there is no single causal factor to suboptimal treatment outcomes, health literacy is a prominent factor in nearly all discussions of health outcomes [6, 7] . Health literacy is defined as the degree to which an individual has the capacity to obtain, communicate, process, and understand health information and to make informed health decisions [8] . Health literacy is influenced by reading ability, numeracy skills, the ability to comprehend health instructions, to navigate the healthcare system, and the ability to seek out, appraise, and apply health information, including information found online (e-Health) [6, 9, 10] .
Approximately 90 million Americans do not possess the literacy skills necessary to process and act upon health information [11] . Individuals with low health literacy encounter more medical complications, have more difficulty adhering to treatment regimens, and have a shorter life span compared to individuals with higher health literacy [9] . Health literacy is crucial to PLWH for multiple reasons, including the chronic nature of HIV, the need for vigilance of health and risk behaviors, and the need for strict adherence to treatment regimens [12] [13] [14] [15] [16] . Advances in treatment and self-management have led to longer life spans, resulting in many more people aging with HIV [17] . They are at higher risk for chronic comorbidities and the resultant polypharmacy [18] [19] [20] [21] , and individuals with low health literacy encounter more disease-related complications, more symptoms, more difficulty understanding health-related instructions, and have poorer adherence to HIV medications [14] [15] [16] 22] .
Scientists have developed health literacy measures ( Table 1 ) that clinicians can use to identify individuals at risk for complications due to poor health literacy [23] [24] [25] . While the measurement of general health literacy is crucial, it is insufficient in light of the nuances found in the management of specific chronic conditions. Disease-specific health literacy measures have also been developed [26] to determine functional understanding of specific diseases, including HIV [27] . Health literacy interventions have been developed to address a variety of outcomes. Some health literacy interventions are designed to modify or change the level of an individual's health literacy, with the outcome measure being a health literacy measurement. Other health literacy interventions are designed to impact diseasespecific outcomes (e.g. knowledge, medication adherence) among individuals of varying health literacy levels, and with specific levels of health literacy defining the target population as opposed to the outcome variable.
Analysis of health literacy interventions designed for PLWH, and their outcomes, is crucial to understanding the current state of the science. The objective of this review is to describe the aspects of HIV care and treatment that are being addressed by HIV health literacy interventions and to assess the effects of the interventions on outcome measures in samples of PLWH.
Methods
The authors conducted a systematic review to identify interventions aimed at promoting health literacy in PLWH. The extended guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement [28] and A Measurement Tool to Assess Systematic Reviews (AMSTAR) checklist [29] , which are gold standards for the procedures and reporting of systematic reviews, were used to guide the procedures of this systematic review.
Search Strategy
The authors used a variety of electronic databases, including PubMed, the Cochrane Library, PsycInfo, CINAHL, and Scopus, as well as a university library search engine that pulled from thousands of online peer-reviewed literature sources. The authors also searched for ongoing investigations through clinicaltrials.gov. Finally, the reference lists of the obtained literature were reviewed. Search terms were used in a variety of combinations and included ''HIV,'' ''health literacy,'' ''intervention*,'' ''skill*,'' ''program*,'' ''education*,'' ''knowledge,'' ''develop*,'' ''pilot,'' ''qualitative,'' ''promot*''.
Eligibility
The literature search took place during October-December of 2015. Articles were included in the review if they were published between 1996 and 2015 in order to review 
Results
Study Selection Figure 1 provides a PRISMA diagram [28] of the study selection procedure. The review of clinicaltrials.gov did not reveal any ongoing or unpublished studies that fit the inclusion exclusion criteria for this review. The authors used multiple electronic databases for the literature search. After narrowing the results to peer-reviewed publications published between 1996 and 2005, the results yielded a total of 12,663 potential studies. Irrelevant articles resulting from the keyword search (n = 8678) were removed, leaving 3985 potential articles. The first author screened titles and abstracts and removed all articles unrelated to health literacy (n = 1960) and health literacy articles about diseases other than HIV (n = 1912), resulting in 113 possible articles. Of these, 103 articles that were eliminated were related to health literacy and HIV disease, but did not include interventions and were exploratory, cross-sectional, or narrative works. The remaining ten articles were thoroughly reviewed. Four were studies describing various interventions, but did not include a health literacy measurement. The reference lists of the remaining articles were reviewed, but provided no literature that had not already been obtained. A total of six (n = 6) articles were retained for the systematic review.
Methodological Quality
The quality of the studies selected for the review was evaluated using the Kmet's [30] Manual for Quality Scoring of Quantitative Studies. The manual provides a checklist and detailed instructions for scoring quantitative studies. Each study was evaluated and given a quality score, but no cut-off scores were used and all available relevant articles were included (Table 2) .
Data Extraction
The authors created a data extraction form that was tailored to the present investigation using the guidelines outlined in the Cochrane Handbook for Systematic Reviews of Interventions [31] . The authors thoroughly reviewed each study and extracted the following data: study design, sample characteristics, sample size, location of the study, intervention characteristics, aspect of HIV care addressed in the study, health literacy measures, outcome measures, psychometric properties of measures, and reported results ( Table 2 ).
Data Synthesis
The high level of heterogeneity among the included studies made meta-analysis of study results not feasible. The studies varied in terms of outcome measures, intervention methods, and participant characteristics. The present analysis is a narrative analysis of the characteristics of a group of health literacy interventions for PLWH.
Characteristics of Selected Studies
Although no geographic or cultural parameter was set in the literature search, all of the studies obtained that met the inclusion/exclusion criteria were conducted in the United States. Across the studies, samples included men (n = 500), women (n = 203), and transgender individuals (n = 3) living with HIV, ranging in age from 20 to 78 years of age. Racial and ethnic backgrounds included Whites (n = 50), Blacks (n = 538), Latinos (n = 85), with the remaining 30 participants classified as ''other'' or ''unknown''. Participants' HIV risk factors included men who have sex with men (MSM; n = 106), injection drug users (n = 22), heterosexuals (n = 83), and 550 participants with unspecified HIV risk (the excess of total sample size reflects participants who identified with more than one exposure category when applicable). Other specific sample characteristics included individuals with verified literacy deficits confirmed through health literacy measurement, Spanish-speaking participants, and individuals with confirmed HIV medication adherence difficulties. Study designs included three formative studies piloting new interventions, one single-group pretest/posttest design, and one randomized control trial. Intervention strategies included in-person counseling, and interactive education and counseling experiences, as well as technology-assisted education.
Health Literacy in the Selected Studies
Health literacy was measured in the selected studies using the Test of Functional Health Literacy in Adults (TOFHLA), the Rapid Estimate of Adult Literacy in Medicine (REALM), and the eHealth Literacy Scale (eHEALS), which measured an individual's perceived skills at obtaining, appraising, and applying eHealth information to health problems. Health literacy scoring was only an outcome measure in one of the investigations, [32] but guided the development of all of the interventions, and was a central factor of interest in all of the study results. In the investigations by Kalichman, Cherry, and Cain [33] and Kalichman et al. [34] for example, a deficit in health literacy (marginal to low health literacy) was an inclusion criterion to be in the study, which provided insight into the efficacy of the intervention for individuals of various literacy levels. In contrast, the study by Robinson and Graham [32] used differences in specific health literacy scores to determine the efficacy of an eHealth literacy intervention.
Quality
The six studies varied in overall quality. Strengths across studies included well-defined research objectives, detailed discussions of sample characteristics, and conclusions that closely matched the study outcomes. Limitations included small samples, lack of control condition and investigator/participant blinding, lack of control for confounding variables, and lack of report of psychometric properties of questionnaires, and failure to thoroughly discuss analytic methods. The Interventions
A variety of interventions were described. The studies by Kalichman et al. [33, 34] included both a pilot study and a randomized clinical trial. The pilot study tested a pictograph-guided HIV adherence counseling intervention that was formed from interviews with HIV patients and targeted those who had limited literacy skills. The pictographic information (see the work by Kalichman et al. [34] original work for the graphic) contained visual information relevant to participants (e.g. color-coded schedules, minimal text, dosage information). The intervention was delivered in three sessions that addressed understanding HIV and HIV medication (Session 1), HIV medication and the health of participants (Session 2), and also included a booster session focused on maintaining adherence behaviors (Session 3/booster session). The authors followed the Doak et al. principles for health education, including setting realistic objectives, focusing on behaviors and skills, presenting context before new information, partitioning complex instructions, and using interactive instructions. The second study by Kalichman et al. [33] involved the comparison of the aforementioned pictograph-guided adherence counseling to standard adherence counseling and general health improvement counseling, and was also completed in three sessions. Standard adherence counseling included the use of a brief verbal description and the use of a patient education flipchart, the distribution of a pillbox that could be used to improve adherence, and a booster session that included discussion of adherence challenges. The general health counseling intervention focused on nutrition, stress reduction, health and well-being, and a booster session to discuss problem-solving and barriers to health improvement goals. Two articles by Van Servellen et al. [35, 36] were included to describe the development of the intervention Es Por La Vida. Using a multistep process, the authors reviewed current literature on predictors of health literacy, identified culturespecific attributes that were essential to success in the target population, and conducted provider focus groups that consisted of health educators, case managers, treatment advocates, nurse supervisors, social workers, and a director of psychosocial services within the institution. The result was a 5-week instructional support, modular program in which individual and group-level education on factors related to: [1] treatment regimens, [2] social and psychological factors, [3] institutional resources, and [4] personal attributes. The entire intervention was culturally and linguistically tailored to Spanish-speaking individuals living with HIV. The second article by van Servellen et al. [36] described the piloted intervention along with the 6-month follow up results ( Table 2) .
The Ownby et al. [37] intervention included multimedia representation of HIV and HIV treatment-related concepts (e.g. viral life cycle, misconceptions about medications, coping with stigma, mechanism of action of medications). The intervention was developed through analysis of patient education materials by an interdisciplinary team from medicine, nursing, psychology, pharmacy, and social work. The multimedia intervention was delivered using a touchscreen computer and graphics, audio, video, and interactive multiple-choice questions related to the educational content.
Finally, Robinson and Graham [32] designed a 50-min interactive class that combined basic computer training with skills necessary to seek out health-related information online. They formed an interdisciplinary team comprised of pharmacists and librarians, and hosted the classes in a university library computer lab where participants were able to use computers as an interaction component to the intervention. The team developed learning objectives, handouts, and PowerPoint presentations that were used for the intervention, and engaged library science students to assist with the presentations. Finally, in addition to the didactic and computer activities, the researchers gauged understanding of content through interactive question and answer sessions.
Efficacy of Interventions
The interventions were designed to address several major outcomes: HIV medication adherence, HIV knowledge and behavior skills, and eHealth literacy. Treatment adherence was measured through self-report, unannounced pill counts, medication event monitoring systems (MEMS), and surrogate inference based on HIV disease biomarkers (HIV-1 RNA). Knowledge and behavioral skills outcomes were measured using investigator-administered questionnaires, surveys, and measurement tools.
Treatment Adherence
Kalichman, Cherry, and Cain's [33] adherence improvement intervention resulted in significant decreases in total medication nonadherence events (p \ .01) between baseline to 3-month follow-up in a sample of individuals with limited health literacy (n = 30). In the later randomized clinical trial by Kalichman et al. [34] , the pictograph-guided adherence intervention demonstrated increased levels of adherence among individuals with marginal health literacy (TOFHLA score between 85 and C90 %), although the results were not statistically significant. Low-health literacy participants (TOFHLA score \85 %) did not demonstrate increased adherence following exposure to the intervention. Investigators also measured changes in HIV biomarkers and found a significant interaction effect between type of HIV adherence counseling and literacy group (low, marginal, and proficient). Individuals with marginal health literacy were more likely to transition from detectable to undetectable viral load in pictograph and standard adherence counseling conditions (p \ 0Á05) compared to individuals of low health literacy in those groups.
The intervention created by Ownby, Waldrop-Valverde, Caballero, and Jacobs [37] resulted in significantly higher adherence by individuals with low numeracy skills (p \ 0Á03). Due to high baseline adherence ([95 %) by the majority of the sample, the investigators were able to determine a trend of adherence improvement, but were not able to achieve statistical significance. Finally, in the Van Servellen et al. [36] modular education program, participants in the intervention group demonstrated a trend toward better adherence than the control group at 6-week and 6-month follow-up, but it was not statistically significant.
HIV Knowledge and Behavioral Skills
In Ownby, Waldrop-Valverde, Caballero, and Jacob's [37] investigation, participants completed the LifeWindows Information Motivation Behavior (IMB) Scale to measure their knowledge and behavioral skills, including diseasespecific knowledge and strategies to cope with stigma and remembering medications, at baseline and follow-up visits. Increases in LifeWindows scores indicate a greater level of the skills needed to perform health behaviors. Participants self-reported increase in knowledge was significant for the information subscale (p = 0Á02) and the behavior subscale (p = 0Á02). Changes in information predicted medication adherence among participants in the study (p = 0Á001).
Kalichman, Cherry, and Cain [33] administered questionnaires to measure IMB as part of an adherence improvement counseling intervention, including HIV disease knowledge (CD4? count, viral load), treatment adherence intention, and self-efficacy. Participants had significant increases in AIDS-related knowledge at the first, second, and third month follow-ups (p \ 0Á01). A significantly greater number of participants understood viral loads at 1-and 3-month follow-ups (p \ 0Á05), and CD4 counts at the first, second, and third month followup visit (p \ 0Á05). Treatment adherence intention was significantly increased at all three follow-ups (p \ 0Á05), and intention to have nearby medication, increased at the second and third follow-up from baseline (p \ 0Á05).
In the Van Servellen et al. [36] study, participants completed the HIV Illness and Treatment Knowledge Misconception Scale, a measure developed by the investigators that demonstrates HIV-specific knowledge across five specific measures: HIV disease/treatment knowledge, HIV treatmentrelated knowledge subscale, recognition of HIV terms, understanding HIV terms, and knowledge of risk of getting sicker. At the 6-week follow-up, participants scored significantly higher in global knowledge (p = 0Á03), recognition of HIV terms (p \ 0Á0001), understanding of HIV terms (p \ 0Á0001), and significantly higher in recognition of terms (p \ 0Á0001) and understanding of terms (p \ 0Á0001) at the 6-month follow-up. The Van Servellen et al. [36] investigation targeted Spanish-speaking patients with adherence problems and focused on improving communication between clinicians and Spanish-speaking patients. The intervention group had significant increases in communication with staff and HIV physicians throughout the study (p \ 0Á001).
Finally, Robinson and Graham [32] used an instrument to measure changes in eHealth literacy in a group of PLWH. Following the intervention, an in-person educational program on computer skills and eHealth evaluation, participants completed the measure immediately and again 3 months later. Participants overall scores on the eHEALS significantly increased between baseline and the evaluation directly following the intervention (total score increase: 19-32; p \ 0Á01). Scores between baseline and 3-month follow-up had higher variability and did not achieve statistical significance (total score increase: 19-29; p \ 0Á08). Nearly half (n = 8) of the participants did not complete the 3-month follow-up, which likely diminished the ability to achieve statistical significance in the final follow-up measure compared with baseline scores.
Discussion
The purpose of this systematic review was to identify, appraise, and synthesize current published literature on health literacy interventions designed for PLWH. This review builds upon previous reviews of the impact of health literacy on HIV patients and is, to our knowledge, the first to synthesize and critically appraise published literature specifically about health literacy interventions designed for PLWH. Each study team provided a strong rationale for developing interventions tailored to PLWH.
Although multiple studies in this review did not provide robust results of statistical significance due to limitations, all of the studies addressed issues of clinical significance. Many PLWH are not achieving optimal treatment outcomes, and high levels of medication adherence are needed to prevent viral resistance and to decrease the risk of HIV transmission [38] . Five studies were conducted with an aim of improving medication adherence, but only one of the studies resulted in statistically significant changes in adherence. As demonstrated in the investigation by Kalichman et al. [39] , the efficacy of adherence interventions can vary based on differences in literacy level, including specific differences among individuals with less than proficient health literacy. Clinicians should assess health literacy of patients and tailor the intensity of adherence counseling efforts accordingly.
Robinson and Graham [32] addressed the unique outcome measure of eHealth literacy. The Internet is increasingly being used as source of health-related information by the public. However, the reliability and accuracy of the information that they are able to obtain is questionable, and clinicians have the ability to mitigate exposure to inaccurate, misleading, and even dangerous information by providing PLWH with the tools to obtain and evaluate reliable online health information. PLWH should be encouraged to explore these resources, where available, to promote education and care engagement.
The most significant results in the present review came from studies in which HIV-specific knowledge and behavior skills were outcome measures. As demonstrated in the study by Ownby et al., knowledge about HIV as an illness and skills such as developing strategies to adhere to medications significantly increased after exposure to an intervention designed, in part, to provide disease-specific education. Changes in these variables also predicted medication adherence over the course of the study, demonstrating the potential impact of dynamic patient education in the clinical environment. Clinicians should tailor their approaches to disease/health-specific education based on the health literacy level and leverage visual and technological resources to increase the intensity and efficacy of patient education.
The heterogeneity of the interventions makes it difficult to determine the efficacy across interventions. Despite methodological limitations, the investigators were able to demonstrate a benefit of interventions for PLWH, specifically gaining knowledge and strategies aimed at performing health behaviors. The IMB model can aid investigators in the development of health literacy interventions designed to increase knowledge and behavioral skill. There is insufficient evidence to arrive at a strong conclusion about the benefit/effect of any specific intervention. Three of the studies were in formative stages and only one study was an RCT. Methodological limitations impeded the ability of multiple investigators to achieve statistical significance on all measures. Several studies had small samples and did not employ control groups or randomization, which limited the scope of conclusions made by the authors.
This review also has limitations. The authors were limited to articles that were published in the English language. The studies in this review were all conducted in the United States and the majority of study participants were African American, limiting the global generalizability of the results. The small sample of articles that fit the inclusion/exclusion criteria, coupled with the heterogeneity across the selected studies, limited the ability of the authors to synthesize the findings of the study and to draw conclusions about intervention efficacy. These limitations mirror the limitations discussed in larger-scale reviews of health literacy interventions, such as the problem of small samples, lack of control over confounding variables, and the limited number of intervention studies available to draw conclusions about health literacy and its mediators [11] .
The National HIV/AIDS Strategy for the United States [40] has established goals to improve outcomes for PLWH and to improve prevention and treatment of HIV-associated comorbidities and coinfections. More research is needed to determine the influence of health literacy as a process variable that influences the ability for PLWH to manage their health. Future research should include studies that replicate the designs of the reviewed studies while addressing methodological shortcomings, such as the need for larger samples and randomized control designs. In addition, future research should include global research efforts to determine cultural influences on the success of health literacy interventions and to inform the development of culturally appropriate interventions. Researchers should use rigorously developed, disease-specific health literacy instruments, such as the HIV Health Literacy Scale [27] , in addition to reliable measures of general health literacy skills to accurately identify health literacy deficits. Finally, since PLWH are living longer lives and encountering multimorbidity at higher rates than people not living with HIV, future research efforts should examine the broad spectrum of literacy-related problems that accompany management of multimorbidity among PLWH.
